ABSTRACT: Objective: (1) To examine language performance in the context of cognitive abilities in young children who are deaf or hard-of-hearing and (2) to identify factors associated with having a language underperformance, defined as a gap between the language standard score and the nonverbal IQ (NVIQ) standard score. Methods: Children 6 to 82 months of age with bilateral hearing loss were enrolled. Language performance was defined as a ratio of language skills relative to cognitive abilities with language underperformance defined as a ratio of language scores to NVIQ <0.85. Results: Among 149 children, approximately half had hearing loss that was clinically classified as mild or moderate, and over one-third received a cochlear implant. Participants had a mean NVIQ in the average range (95.4 [20.3]). Receptive language scores were significantly lower than their NVIQ by 10.6 points (p < .0001). Among children with NVIQs 80 to 100, 62.5% had receptive scores <85 and 50% had a language underperformance (ratio <0.85). Among children with NIVQs >100, 21.1% had receptive scores <85 with 42% having a language underperformance. Children with language underperformance (n 5 61, 41.5%) were more likely to have more severe levels of hearing loss, lower socioeconomic status, and be nonwhite. Conclusion: Many children early identified with hearing loss continue to demonstrate language underperformance, defined using their cognitive potential. Language deficits have a cascading effect on social functioning in children who are deaf or hard-of-hearing. This study highlights the need to understand a child's cognitive potential to adequately address language needs in existing intervention models. Heari ng loss is one of the most common birth conditions. Approximately 2 to 3 per 1000 infants are identified at birth each year with a hearing loss which can affect development.
(J Dev Behav Pediatr 39:116-125, 2018) Index terms: hearing loss, child development, language outcomes, predictors.
Heari ng loss is one of the most common birth conditions. Approximately 2 to 3 per 1000 infants are identified at birth each year with a hearing loss which can affect development. 1 The implementation of universal newborn hearing screening in the United States introduced early hearing detection and intervention recommendations, decreasing the age at which infants and toddlers are identified with a hearing loss and receive subsequent intervention. As a result, we have seen marked improvements in language acquisition for children who are deaf or hard-of-hearing (DHH). 2, 3 The increased opportunities to develop appropriate language skills are particularly pertinent for children who are DHH. Hearing loss can influence all aspects of a child's language acquisition, particularly if the primary communication strategy is oral communication. 4 Language deficits, even if seemingly minor, have a cascading effect on social and communication functioning in children who are DHH. [5] [6] [7] Additionally, these language deficits often worsen rather than improve through the school years, irrespective of hearing loss severity. 8, 9 Through the timely provision of early intervention services, infants and toddlers who are DHH have improved language abilities. 2, 10 Although this is encouraging, many children who are DHH have average to low-average language levels, despite their cognitive potential. 2, 6, 11, 12 For children with higher cognitive abilities (such as above average nonverbal intelligence), we expect that their capability to develop language could be in the above average range. Thus, scores in the average to low-average range for children with higher cognitive abilities could be considered an "underperformance." Therefore, we sought to better understand language performance of children who are DHH in the context of nonverbal abilities so that we could identify children who were not performing to their full cognitive potential, albeit average language scores. Thus, the main objectives of the current study were (1) to examine language performance in the context of cognitive abilities in a sample of young children, 6 months through 6 years of age, who are DHH and (2) to identify factors that are associated with having a language underperformance, which we defined as a gap between the language standard score and the nonverbal IQ (NVIQ) standard score. We hypothesized that a proportion of children who are DHH will be identified with a language underperformance, as defined by language levels relative to cognitive levels. We further hypothesized that there would be identifiable factors independently associated with language underperformance.
Participants
This study stems from a prospective cohort study of language and functional outcomes, with enrollment occurring in 2 phases. Phase 1 occurred between 2011 and 2014 and enrolled children between the ages 3 and 6 years who had bilateral hearing loss of any degree (mild to profound). Children who were unable to complete standardized testing (including those with vision impairments), children who had a known syndrome or disorder that specifically affected language (e.g., Williams syndrome and autism spectrum disorder), and children whose primary language was not English were excluded from the overall study. Phase 2 began in 2014 and enrolled children between 0 and 3 years of age using the same inclusion/exclusion criteria. We have previously reported on the first 65 children enrolled in the Phase 1 part of our study. This previous work focused on the impact of language on functional communication outcomes among children who are DHH. 6 Parents of potentially eligible study participants were mailed a letter which included a brief study description. A follow-up phone call occurred approximately 2 weeks later to determine interest in the study. Parents could also actively contact study personnel through advertisements posted throughout the medical center (e.g., audiology clinic and otolaryngology clinic) and early intervention systems. The study was approved by the institutional review board of a free-standing pediatric academic institution, and written informed consent was obtained from all caregivers at the initial study visit.
Audibility
Objective information about the degree of hearing loss and the level of aided hearing (through a hearing aid or cochlear implant) was obtained from audiograms in audiologic charts. Data from audiograms closest to the study visit were used. For the purpose of this study, severity of hearing loss was classified using the clinical classification, as it was reported on the audiogram (mild, moderate, moderate to severe, severe, severe to profound, and profound). The clinical classification included the slope of the audiogram coupled with the decibel level across the different frequencies tested in the audiologic assessment. The classification assigned to the better hearing ear was used in the analysis. In addition, a 4-frequency pure-tone average (PTA) was calculated for both ears with the PTA of the better hearing ear used in the analysis. Effectiveness of amplification or cochlear implant was determined based on aided thresholds for hearing aid and cochlear implant recipients. Aided speech reception/speech awareness thresholds, which are measures of an individual's threshold for hearing speech, were collected from audiograms. These aided thresholds were a measure of access to sound or audibility. For 3 individuals who had no assistive hearing devices, the unaided PTA was used as the measure of audibility.
Child and Family Characteristics
All caregivers received a questionnaire at the initial study visit, eliciting information regarding the child's primary strategies for communication; types, frequencies, and location of therapies attended; school attendance; insurance status; educational level of mother and father; and number of siblings in the home. Additional clinical information abstracted from the medical record (if available) included previous developmental assessment and information specific to hearing loss (i.e., age of identification, age of amplification, age at amplification, and degree of hearing loss).
Assessments
As per the study protocol, all children received a language assessment and a neurocognitive assessment at the study visit. Parents filled out a questionnaire that collected information regarding demographics, schooling, and children's current therapy attendance. The Preschool Language Scales-fifth edition (PLS-5) 13 was administered by a speech-language pathologist experienced with children who are DHH to assess language skills. The PLS-5 includes Auditory Comprehension (for receptive language) and Expressive Communication subscales for children at birth to 7 years, 11 months. Both subscales provide standard scores (a mean score of 100 and an SD of 15), age equivalents, and percentiles. The PLS-5 was selected to allow for a comprehensive language assessment for the range of age and cognitive abilities of participating children. The Leiter International Performance Scale-Revised (Leiter-R) 14 was administered to children 24 months or older by a psychologist with experience in assessing young children who are DHH. The Leiter-R is a nonverbal cognitive assessment and provides a standardized IQ with a mean score of 100 and an SD of 15. For the purpose of this analysis, the Leiter-R Brief IQ was used as the measure of nonverbal cognitive abilities. Children younger than 24 months received the Mullen Scale of Early Learning 15 which includes the Visual Reception domain. Because the Visual Reception domain capitalizes on nonverbal cognitive problem-solving skills, it was used as a measure of nonverbal cognitive abilities. The Visual Reception domain score is a t-score (a mean score of 50 and an SD of 10), from which a standard score (a mean score of 100 and an SD of 15) was calculated for the purpose of the analysis (to report 1 single NVIQ). The Visual Reception domain has been shown to have predictive validity of later nonverbal cognitive abilities as measured on the Leiter-R. 16 Language Underperformance (Primary Outcome)
Because the aim of this study was to understand language in the context of cognitive or developmental abilities, we defined language performance as a ratio of language skills relative to cognitive abilities. We defined language performance in this way for the analysis for 2 reasons. First, a child with lower cognitive abilities would be expected to have lower language performance, making the interpretation of an absolute language score difficult in the context of varying cognitive abilities. Second, although a child's language score may indicate average language abilities as compared to sameage peers, the score does not indicate whether a child is meeting his/her individual capacity for language. To create this ratio, we divided the receptive standard score on the PLS-5 with the NVIQ (receptive standard score/ NVIQ). Ratios close to 1 indicate receptive language levels that are commensurate with cognitive abilities or cognitive levels. Language underperformance was defined as a ratio ,0.85. A child with a ratio ,0.85 would be considered to have language performance at 85% of the cognitive performance according to the NVIQ. We used a cutoff value of 0.85 to define language underperformance for several reasons: (1) we previously reported the impact of a ratio cutoff of 0.80 on functional communication, 6 but we felt that clinically the original cutoff was too restrictive, possibly missing children; (2) from a clinical perspective, a ratio of 0.85 represents a degree of difference that is similar to the concept of 1 SD below a population mean (mean 5 100, standard deviation 5 15), which is a degree of variation often associated with a clinically meaningful impact.
Statistical Analysis
Data analysis was conducted using SAS version 9.3. Pearson's correlations were used to assess the associations between the language ratio, NVIQ, hearing-related factors, and demographic factors. Principal components analysis was used to create an index for socioeconomic status (SES) using the variables of maternal education level, income, and insurance status. 17 This index score was used in the regression analysis to control for possible confounding related to SES. Higher SES scores indicate higher levels of SES. For the purpose of the analysis, NVIQ was analyzed both as a continuous variable and as a categorical variable (,80, 80-100, and .100). The SES index score was also analyzed as a continuous variable and a categorical variable in quartiles.
General linear models were constructed to understand the independent and collective effects of predictors on language, as measured by the ratio (as a continuous variable). The NVIQ was entered into the model first. Other covariates were selected into the model according to what was considered important for language development either clinically or through previous literature (e.g., age of hearing loss identification, age at study entry, degree of hearing loss, audibility, and SES). Additional covariates were included in the model if they were deemed to be correlated with the outcome in unadjusted analyses. Covariates remained in the final multivariable regression model if they were significant at the p # .05 level. The mean language ratios and mean language standard scores, after adjusting for confounders, were compared across the NVIQ categories. Least-squares means with 95% confidence intervals (CIs) were produced from the models and were adjusted for multiple comparisons using the Tukey-Kramer method. Models were assessed for influential outliers (through model diagnostic statistics), and a sensitivity analysis was performed to determine the effect of removing potentially influential observations from the overall model. Multiple imputation was used to address missing data for child or family characteristics. Rates of missing data were highest for information regarding aided thresholds (8.7% of observations, n 5 13).
Finally, to understand factors such as age, degree of hearing loss, and SES that are associated with having a language underperformance (having a ratio ,0.85), Pearson's x 2 tests and Student's t tests were used. Multiple logistic regression was used to determine which factors were independently associated with the outcome. Degree of hearing loss and SES were included as categorical variables. Results were reported as adjusted odds ratios with 95% CIs.
RESULTS
One hundred fifty-two children had enrolled; 3 participants were excluded from the analysis because of a subsequent diagnosis of autism spectrum disorder that was suspected at the time of the study visit. These 3 children were subsequently evaluated and clinically diagnosed through interdisciplinary developmental evaluations. The mean (SD) age at the baseline visit for the 149 participants included in this analysis was 47.7 (19) months; 79 (53.7%) were younger than 48 months of age. Approximately half of the children had hearing loss that was clinically classified as either mild or moderate, whereas over one-third had received at least 1 cochlear implant. The cause of hearing loss was unknown for 42% (n 5 62) participants. Syndromes associated with the cause of hearing loss included Usher syndrome (n 5 4), Townes-Brocks (n 5 2), Waardenburg (n 5 2), Sticklers (n 5 1), branchiootorenal (n 5 1), CHARGE (n 5 1), Pendred (n 5 1), and VATER with aural atresia (n 5 1). Table 1 includes a description of the characteristics of the study participants. No caregiver of the study participants was deaf or hard-of-hearing. the Mullen Scales in 34 participants. Receptive language scores were significantly lower than children's NVIQ by 10.6 points (p , .0001). There was no difference between the receptive standard score and the expressive standard score (p 5 .99) ( Table 1) . Receptive language standard scores were not associated with age at the study visit (r 5 2.10; p 5 .23), age of hearing loss identification (r 5 .03; p 5 .75), or the duration a child may have had either a hearing aid or cochlear implant (r 5 .09; p 5 .32).
In order to understand language performance in the context of a child's cognitive abilities, we focused on the ratio of the receptive standard score to the NVIQ. The mean ratio for all participants was 0.89 (0.22); 61 participants (41.5%) had a ratio ,0.85 indicating the presence of language underperformance. Sixteen participants (10.7%) had a ratio .115. According to results from the correlation analyses, the ratio was decreased slightly with increasing age (r 5 2.17; p 5 .03), increasing NVIQ (r 5 2.31; p 5 .0001), increasing unaided pure-tone average (r 5 2.36; p , .0001), increasing aided thresholds (r 5 2.29; p 5 .0008), and decreasing socioeconomic status (SES) (r 5 .26; p 5 .002).
Figure 1 (online) illustrates the relationship of the language ratio with the receptive language score by NVIQ categories (,80, 80-100, and .100). Nearly all children with NVIQ ,80 had receptive scores ,85, although only 29% of children in this NVIQ category had 
Multiple Linear Regression of Factors Associated with Language Performance
General linear models were constructed to understand factors related to language underperformance. Factors associated with higher ratios included decreasing NVIQ, increasing SES index scores, better hearing thresholds, and younger age at time of study ( Table 2) . These factors accounted for 50% of the variance (R 2 ) seen in the language ratio. Two observations were identified as influential statistical outliers through model diagnostics (i.e., Cook's D). These 2 participants both had NVIQ in the 50s and had very low ratios (0.29 and 0.48). Although the parameter estimates remained consistent with the inclusion or exclusion of the outliers, including the 2 outliers reduced the R 2 to .38 when the 2 outliers were included. Figure 2 illustrates adjusted mean values (reported from least-squares means of the models) of both the receptive language standard score and the ratio (language performance). Models were adjusted for the same factors listed in Table 2 . Although children in the lowest NVIQ category had the lowest language scores, they had on average the highest ratios and had significantly higher ratios than children in the other 2 NVIQ categories. Results based on a multiple imputation model were nearly identical; for simplicity, only the nonimputed results are presented.
Logistic Regression of Factors Associated with Language Underperformance
Children with language underperformance (n 5 61, 41.5%) were more likely to have more severe levels of hearing loss, have a cochlear implant, have lower SES index scores, and be nonwhite ( Table 3) . Results of the multiple logistic regression showed that as NVIQ increases, the odds of language underperformance increases (odds ratio [OR] 1.2 for every 5-point increment in IQ). Table 4 lists the OR with 95% confidence intervals (CIs) for the multiple logistic regression model. How well a child was aided, an indication of access to sound, was significantly associated with the odds of language underperformance; higher aided thresholds (worse access to sound) were associated with increased odds of language underperformance. Children with the lowest SES index scores (lowest quartiles vs higher quartiles) and children who were nonwhite (vs white) were more likely to have language underperformance (OR 5.1 and 3.3, respectively).
Because there was a significant difference in the percentage of children who received a cochlear implant between those with and without language underperformance (52.5% vs 25.6%), we also tested a model that included whether a child has an implant (instead of the hearing loss severity categories). Results were similar to those of the original model with hearing loss severity categories. Children with a cochlear implant were more likely to have language underperformance (OR 4.27, 95% CI, 1.68-10.86). The duration of time a child had either a cochlear implant or hearing aid was included in the model as a possible confounder, although this factor was not statistically significant (p 5 .96).
DISCUSSION
This study assessed language performance as receptive language scores measured using the Preschool Language Scales-fifth edition (PLS-5) relative to nonverbal cognitive levels measured by standardized nonverbal cognitive assessments. We found that among children with bilateral hearing loss, the mean standard receptive language score was 85, which is considered within 1 SD from the population mean. The nonverbal IQ (NVIQ) of this study sample was 95, a score that was significantly higher than the language scores. A high percentage of children (41%) had a significant disparity between their language scores and nonverbal cognitive scores, which we defined as a language underperformance. Additionally, children with language underperformance were more likely to have higher NVIQ, although children with higher NVIQ had higher mean language scores.
Our study findings regarding continued language delays in children who are deaf or hard-of-hearing (DHH) are consistent with some of the recent studies that have assessed language development among children with bilateral hearing loss. Nittrouer reported that despite the advents of early intervention and advanced technology, deficits in language acquisition remained in children who were DHH who had received a cochlear implant. 18 Tomblin et al. provided evidence supporting the continued effect of hearing loss on language development in children with mild to severe hearing loss. 19 Although the risks of language delays were mitigated for many by the use of hearing aids, a consequential number of children continued to demonstrate poor language skills (standard scores below 85), despite normal nonverbal cognitive abilities. Even children who had the "best case scenario" of early identification, early amplification, and highquality linguistic exposure appeared to develop language skills that were within the average to low-average range on standardized language measures. 19 Ching summarized evidence from the Longitudinal Outcomes of Children with Hearing Impairment (LOCHI) study regarding spoken language outcomes and the effectiveness of early intervention. Although great strides have been made regarding early language outcomes for children who are DHH, the results of the LOCHI study support the need for continued monitoring of language after the intervention period. 20 In addition, despite positive effects of early intervention, children who were DHH continued to exhibit deficits in phonological awareness by 5 years of age which could affect the development of literacy skills later in life. Our study extends previous research by considering language in the context of cognitive abilities, which may help identify subgroups of children who may be overlooked for language intervention needs.
Factors associated with language underperformance in our study sample included degree of hearing loss, audibility (according to aided thresholds), and socioeconomic status (SES) levels (using a combination of maternal education level and income). These factors are consistent with the literature on language development among children who are DHH. We found a significant effect of unaided pure-tone average and severity classification (mild to profound) on the ratio of language relative to cognitive abilities as a continuous variable, as well as a significant effect on the odds of having a language underperformance. We also found a significant effect of audibility (aided speech awareness/speech reception thresholds), which is a marker, though imperfect, of the functional hearing status of the child. Multiple studies have found associations with measures of audibility and language development among children who are DHH. 19, 21 In contrast to other studies, we had a mix of hearing aid and cochlear implant users. We did not see a significant association between the age at which a child received the device and outcomes. However, we did not have a measure of consistency with wearing the device, which could contribute to language outcomes. 19 We did not find an association of language underperformance with hearing loss etiology. Although the small number of children within any specific etiology category made it difficult to statistically assess potential associations, it is probable that any association between etiology and language underperformance would be significantly confounded by cognitive abilities. Unfortunately, we did not have the age at which a child received early intervention services or the duration of these services. Because there is evidence supporting the effects of early intervention on language development in children who are DHH, it is important to understand the role early intervention plays in improving language development in children who are DHH and in ensuring children develop language commensurate to their cognitive abilities.
The association between SES and language in our sample was not entirely surprising. SES has been shown to be associated with vocabulary and language in children who are DHH, although the literature is not consistent regarding specific factors. 21, 22 Environmental influences are important for solid language development, 23 with the quality of linguistic input and family involvement being important factors for language acquisition in children who are DHH. 2, 21, 24 Measuring the quality and quantity of family involvement was beyond the scope of the current study, although family involvement should be considered in future study designs.
Nonverbal intelligence is a significant predictor of language functioning among children who are DHH. 25, 26 Similar to previous studies, we found that higher NVIQ was significantly associated with higher language standard scores. However, our findings indicated that NVIQ was inversely related to the ratio of language to cognitive scores. Because language skills in children should be appropriate for their developmental (or cognitive) level, 27 we believe that this finding can be interpreted, as children with higher cognitive abilities are not achieving their language potential. For example, a child with an NVIQ .100 should have similar language standard scores (potentially 5-10-point difference in standard scores between language and NVIQ). In our study, children in the lowest NVIQ category did not appear to display the same discrepancies between language and cognitive levels. Because many of the children in our study sample did not have a standardized cognitive assessment in their record before enrollment, it is likely that the true developmental levels of participants were unknown to therapists working on language development. Children with unknown lower cognitive abilities could have been "pushed" regarding language development and, thus, were able to achieve their cognitive potential. Once language levels were deemed as average or within "normal limits," efforts to achieve higher scores may have been relaxed, which would disproportionately affect children with higher cognitive abilities. Although cognitive referencing is not supported by the American Speech-Language-Hearing Association to determine eligibility for services, 28 knowledge about developmental and cognitive abilities could assist clinicians and families with expectations and goal setting. With no developmental framework from which to set language-specific goals, children who are DHH will continue to fall short regarding their potential language development.
Long-term effects of impaired language and social functioning can affect academic outcomes, educational choices, and long-term vocation. 29, 30 Thus, the language underperformance identified in this study can have downstream effects on other areas of child development. Meinzen-Derr et al. 6 found that children who had a language underperformance, or language gap, had significantly lower social and communication functioning than children with language commensurate with their cognitive abilities. The investigators also found that children who had higher NVIQ but lower language had social function scores similar to children with mild intellectual disabilities. An important finding from that study was that the impact on lower social functioning occurred even when language was in the average range (albeit lower than what would be expected for NVIQ).
This study had several limitations to address. It is possible that families were motivated to enroll their children in this study because they were concerned about poor language development, which would bias our study sample. The goal of this work was not to report the prevalence of low or poor language but to understand potential factors associated with having low language relative to a child's capacity for language. This study is reporting on cross-sectional data (1 time point), so we do not know whether persistent language underperformance affects the development of social skills or functional communication over time. We did not have information regarding the frequency and duration of otitis media with effusion. We collected information regarding school placement; however, this information was strictly by parent report and was not fully accurate, as parents would often state that their child was not in school if the visit occurred during the summer months. We did not ask about individualized education programs. Children who had a nonverbal cognitive assessment that resulted in a low NVIQ may present later with a nonverbal learning disability (particularly if their language is significantly higher than the NVIQ), which would make the interpretation of the NVIQ measure less indicative of general cognitive abilities. We cannot truly diagnose a nonverbal learning disability because (1) we did not assess verbal IQ and (2) our sample of children are still quite young. This small subgroup of children would have had language scores that were significantly higher than their NVIQ. We did not power our study for the ability to stratify our analysis by age groups or by device status (i.e., cochlear implants). However, the purpose of this study was to evaluate language in the context of cognitive abilities (as opposed to an isolated score) across all ages and levels of ability. Future studies should consider whether our findings hold true for subgroups. Finally, it is possible that the use of the PLS-5 for assessing language might not be considered as "challenging" as other available language assessments. A similar study using a more challenging language outcome measure that assesses discrete language skills might yield greater discrepancies between NVIQ and language. Thus, it is possible that what we are reporting is an underrepresentation of the true problem with language underperformance. Despite these limitations, this study also had several strengths. The use of objective measures which were systematically applied allowed for comparisons across children regardless of age. The age range of the cohort allows for considerations about different needs across intervention periods (from early intervention to preschool age). We incorporated an NVIQ assessment that is appropriate for children who are DHH and requires no language to administer. Thus, our measures of intelligence were not biased by potentially low language levels of some of the children. This study offers a perspective on language skill potential that is unique and personalized to each child. This level of understanding could encourage providers to set goals depending on each child's individual potential, which minimizes the tendency to put a ceiling on language targets. Although the cross-sectional nature of the data prevents us from understanding language growth or trajectories over time, we are following this cohort of children and will ultimately be able to assess how language performance relative to NVIQ changes with age.
Results from this study could have broader implications on the health care and educational systems. Many systems, including early intervention (Part C), educational systems, (Part B), and health insurance coverage, use scores from standardized assessments to determine a child's eligibility for specific types of interventions (e.g., speech-language therapy). Our data suggest that using specific standard scores in isolation will leave many children who are DHH unsupported for clinically and educationally meaningful language needs. These aspects of care delivery prompt challenges in ameliorating the negative impact of language underperformance for young children who are DHH. More research is needed to better understand factors underlying language underperformance and interventions to close the gap between a child's language abilities and cognitive capabilities.
CONCLUSIONS
Over the years, universal newborn hearing screening has had success in improving the ages of identification of children born with a hearing loss and facilitating access to early intervention services. The subsequent goal of early intervention is to enhance language development, a goal that state early hearing detection and intervention programs have been achieving. However, this study highlights the need for continuing work in the field of hearing loss, particularly around language development. Children who are identified with hearing loss, even as early as in the newborn period, continue to demonstrate delayed language development and associated social interactions. A better understanding of a child's cognitive potential may shed some light into appropriate language goals and expectations, so every child who is deaf or hard-of-hearing has the opportunity to reach his or her full potential.
